Background: Aphasia is a common and severely disabling complication in stroke patients. It usually brings about lower rates of functional recovery, longer rehabilitation length of stay (LOS), and significantly poorer LOS efficiency (LOS-Eff), resulting in higher rehabilitation costs compared to patients without aphasia. It also decreases the quality of life and increases the mortality of stroke patients. The evidence currently available suggests that the effect of acupuncture combined with language training for apoplectic aphasia is statistically better than speech and language therapy (SLT) alone, but there remains a lack of high-quality randomized controlled trials. Acupuncture combined with language training is relatively low-cost and especially suitable for community-based rehabilitation for aphasia patients after stroke, taking its medical and health facilities which are always deficient in manpower and material resources into account. The aim of the present study is to develop an effective standard therapeutic program for apoplectic aphasia in communities. Methods/Design: In a randomized controlled clinical trial with blinded assessment, 290 eligible patients with aphasia due to stroke will be randomly allocated into a control group or an experimental group. The course of this trial will comprise a 4-week intervention and a 12-week follow-up period. Five assessment points, including baseline, 2 and 4 weeks after treatment, 6 and 12 weeks after follow-up, are set to dynamically observe the changes of curative effects. Primary outcome measures are the differences in the score on both the China rehabilitation research center aphasia examination (CRRCAE) and Boston diagnostic aphasia examination -Chinese version (BDAE-C) after intervention and follow-up. The Modified Barthel Index (MBI), 36-Item Short Form Health Survey (SF-36), and results of blood oxygen level dependent-functional magnetic resonance imaging (BOLD-fMRI) examination are considered as the secondary outcome measures. Other outcomes will include rate of adverse events and economic effects. Discussion: If the outcome is positive, this project will offer a low-cost appropriate technology for community health centers (CHCs) in the rehabilitation of aphasia patients after stroke, and could be implemented on a large scale, both in China and worldwide.
Background
Aphasia is a common complication in stroke patients, with lower rates of functional recovery [1, 2] , longer rehabilitation length of stay (LOS), and significantly poorer LOS efficiency (LOS-Eff) compared to patients without aphasia [3] . Furthermore, it proves that the occurrence of aphasia has an influence on the direct costs of rehabilitation [4] . Language dysfunction in the post-acute or chronic phase after a stroke is the major restriction of vocational rehabilitation [5] and reduces the probability of a return to work [6] . Aphasia is associated with emotional burden [7] and limits social participation owing to impaired communication ability [8] , as well as with a decrease in the quality of life [9] and an increase in the mortality of stroke patients [10] . Thus, there is an urgent need to search for one method which is both effective and low-cost for the rehabilitation of stroke patients, especially those discharged from hospital back into the community.
Although most patients with post-stroke aphasia present some degree of spontaneous recovery, this tends to plateau by one year after onset [11] . Approximately 40 to 60% of patients move from the acute stage to the chronic stage if the condition persists 6 to 12 months after stroke [12] . Speech and language therapy (SLT), the effectiveness of which is documented in a Cochrane systematic review on SLT for people with aphasia following stroke [13] , is the most common treatment [14] . SLT in the acute stages of apoplectic aphasia is almost twice as effective as natural recovery alone [15] . Unfortunately, current SLT has only limited effectiveness in improving aphasia, and other approaches adjunct to SLT might be used [16] .
As a typical traditional Chinese medicine, acupuncture has been applied for thousands of years [17] , and it has been widely used for aphasia rehabilitation in China. Many clinical studies about acupuncture therapy for aphasia have been conducted in the past few decades. It has been confirmed that acupuncture is an effective adjuvant therapy to SLT in the rehabilitation of aphasia [14] . To obtain a more credible evaluation of the effect of acupuncture for post-stroke aphasia, Pang et al. [18] performed a systematic review of the relevant randomized controlled trials, and the results support the conclusion that the effect of acupuncture combined with language training for apoplectic aphasia is statistically better than SLT alone. However, the included articles are assigned as low-quality by the authors, with a suggestion that more high-quality randomized controlled trials needed to be performed.
At present, professional rehabilitation of aphasia is offered mainly in high-grade hospitals, which are rich in interventional technologies but are relatively highcost. The heavy burden on families may be one of the major reasons for the early discharge of stroke survivors from hospitals [19] . A study by Klebic et al. [20] observed that only 21.2% of patients with aphasia continued language therapy after leaving hospital, which negatively affects functional recovery [21] . The provision of stroke rehabilitation services in the community is supported by evidence [19] , and community-based rehabilitation for aphasia patients after stroke is especially important and urgently needed. Taking the medical and health facilities of community into account, the therapy we select for aphasia patients after stroke should be more effective, lowcost, convenient, and uncomplicated. Scalp acupuncture treatment, which meets the above requirements, will be a suitable selection.
The goal of the present study, combined with a randomized, parallel-controlled design, is to develop an efficacious and economical therapeutic program for apoplectic aphasia in communities. Finally, it will be implemented on a large scale if it is found to be an appropriate technology.
Methods/Design

Study design
The current study uses a multicentre, cluster randomized, parallel-controlled superiority design with blinded assessment (a flow diagram of the study design is presented in Figure 1 ). The course of this trial will comprise a 4-week intervention and a 12-week follow-up period. The control group will receive SLT and initial therapies, while, the experimental group will receive additional scalp acupuncture. There is a total of five time points, including baseline, 2 weeks after treatment, 4 weeks after treatment, 6 weeks after follow-up, and 12 weeks after follow-up. Fujian University of Traditional Chinese Medicine (FJTCM), as an undertaker of this project, is responsible for completing the training of the rehabilitation therapists in a unified standard way before the study, and supervising their operations regularly during the study at all clinical sites. The Center of Evidence-based Medicine in FJTCM, which plays a role in randomization and will be blinded to the intervention, is an independent department employed to monitor and analyze data. The present project, funded by the State Administration of Traditional Chinese Medicine, has received approval from the local ethics committees of every center (Fujian: 2013KY-006-01, approval received in July 2013; Henan: 2014HL010, approval received in March 2014; Shandong: 2013KY-006-01, approval received in March 2014) participated in the study. Written informed consent is required prior to participation from each participant or their guardian, and they will be informed of the nature of this trial including its purpose, procedures involved, expected duration, potential risks and discomfort, as well as the possible benefits they will receive from it. There is no time limit for them to ask related questions and respond to the invitation to participate. Participants will be also informed that they are free to withdraw from the study at any stage for any reason and their personal information will be undisclosed and kept securely at FJTCM.
Participants and recruitment
The protocol will be carried out at community health centers (CHCs) run by three sub-centers, including the Affiliated Rehabilitation Hospital of Fujian University of Traditional Chinese Medicine (Fujian province, China), the Second Affiliated Hospital of Shandong University of Traditional Chinese Medicine (Shandong province, China), and the First Affiliated Hospital of Henan College of Traditional Chinese Medicine (Henan province, China). Many CHCs in different areas of the three provinces will be included in this protocol, providing a large number of patients.
Inclusion criteria
The eligible participants should meet all the following criteria: (1) have been diagnosed with stroke according to the criteria regulated by the Fourth National Cerebral Vascular Disease Conference [22] , and confirmed as first stroke by a computed tomography (CT) or magnetic resonance imaging (MRI)examination; (2) be no more than two years post-stroke; (3) suffer from Broca's aphasia after stroke, determined by the neurologist or rehabilitation physician and speech and language therapist, ascertained with Chinese Rehabilitation Research Center Standard Aphasia Examination (CRRCAE); (4) be between 18 and 80 years of age; (5) have provided written informed consent.
Exclusion criteria
Patients having anyone of the following will be excluded: (1) aphasia due to another encephalopathy, such as traumatic brain injury, brain tumor, neurodegenerative diseases, brain parasitic diseases and so on;
(2) aphasia due to dementia or dysarthria; (3) stroke with serious uncontrolled complications, such as severe pulmonary infection, shoulder-hand syndrome or deep vein thrombosis; (4) having severe uncorrected to normal visual or auditory impairment; (5) having serious heart, kidney, liver, or nervous system disease; (6) having a history of epilepsy; (7) having received an alternate intensive intervention which may affect the evaluation results during the last 4 weeks;
Sample size
Referring to a trial [23] with the same protocol as the present study, the effective rate of Broca's aphasia after stroke was 64.71% in the control group (π 1 ) and 85% in the experimental group (π 2 ). Preliminary epidemiological findings show that there will not be less than 16 qualified participants recruited from each CHC. Prior data indicates that the intra-CHC correlation coefficient (ρ) is likely to be 0.030. Each group will consist of 132 individuals according to the formula:
with a type I error of 5% (α = 0.05) and 90% power (β = 0.10). There will be 290 subjects included in total, allowing for a dropout rate of 10%.
Randomization and blinding
Each participating CHC will be assigned to either experimental group or control group by restricted randomization generated by an independent statistician, who works in the evidence-based center of FJTCM, via SAS software (Version 8.2, SAS Institute, Cary, North Carolina, United States). The random allocation sequence is blinded to the screeners who make the baseline test for the patients, and protected by a specified project manager who is not involved in the recruitment program of this study. Both allocation and baseline measurements will be concealed to outcome assessors.
Baseline tests
Baseline descriptive data will be obtained using a questionnaire consisting of the demographic data of subjects, such as gender, age, height, weight, nationality, education level, employment status, and information about stroke including the type, duration and location. All candidates will be tested on the severity of aphasia using the Boston diagnostic aphasia examination-Chinese version (BDAE-C). Broca's aphasia is ascertained by CRRCAE. The functional condition of the brain is examined by using blood oxygen level dependent-functional magnetic resonance imaging (BOLD-fMRI) examination. Activities of daily life (ADL) will be reported with the Modified Barthel Index (MBI) and quality of life will be collected with the 36-Item Short Form Health Survey (SF-36).
Intervention
Participants in the experimental group will receive integrated acupuncture therapy with SLT and initial therapies, meanwhile the control group will only receive SLT and initial therapy. The initial therapy consists of health education and conventional medical therapy. The treatments will take place five times per week for 4 weeks in total. All of the employees participated in this trial will be standardized in their training, including in the study protocol, methods of treatments, and assessments.
Health education
For the purposes of improving patients' knowledge of stroke and teaching them about the harmfulness of stroke and the necessity of treatment, patients admitted to hospital will be provided with access to educational brochures on stroke, which are based on the blueprint of 'Freedom from the Misunderstanding of Stroke Rehabilitation' (the first prize among popular science books from the Chinese Association of TCM) [24] . Information about stroke in these brochures will include the concept, epidemiology, etiology and pathogenesis, risk factors, common symptoms, diagnosis, common complications, treatments, and precautions that should be taken. At the same time, rehabilitation physicians will introduce themselves and explain about the contents of the educational brochures to all participants in person.
Conventional medical therapy
All participants will receive conventional medical therapies according to the Guidelines for the Prevention and Treatment of Cerebrovascular Disease in China (2007) published by the Chinese Medical Association [25] . Specific treatments involve the interventions and management of the causes of disease, risk factors, and a range of comorbid conditions such as heart disease, diabetes, and hypertension.
Speech and language therapy
During a retained time of the scalp acupuncture therapy, the experimental group patients will receive SLT which is based on the 'Technical specification of Common rehabilitation therapy' (2012) published by Chinese Association of Rehabilitation Medicine [26] . The therapists will prescribe appropriate training programs, including different aspects of listening, speaking, reading, writing, or calculating and so on, on the evidence of each patient's assessment result. Furthermore, the training's degree of difficulty is based on every patient's progress. The period of treatment will be continuous for 4 weeks at 5 days a week and 30 minutes per day.
Scalp acupuncture therapy
The lower 2/5 of the anterior oblique line of vertextemporal MS 6 (Ding nie qian xie xian) and anterior temporal line MS 10 (Nie qian xian) will be the needling sites. The anterior oblique line of vertex-temporal, which links EX-RN 1 (Qian Si shen cong) to GB 6 (Xuan li), is on the temporal side of the head and obliquely passes through the bladder and gallbladder meridians. The anterior temporal line is a part of the gallbladder meridian on the temporal side of the head, linking GB 4 (Hanyan) to GB 6 (Xuanli).
For correct manipulation, either a sitting or a dorsal position is appropriate. The area should be routinely sterilized before insertion of the needle. Number 30 Hwato needles of 0.30 mm in diameter and 40 mm in length (Suzhou Medical Appliance Factory, China) will be obliquely inserted (10 to 20°into the scalp) into the gales aponeurotica rapidly, then parallelly pierced 25 to 35 mm deep, along the lines described above, for point prescription. The acupuncture will be maintained for 30 minutes with rapid twirling performed for 2 to 3 minutes once 10 minutes, at a frequency of 180 to 300 twirls per minute. Each time after withdrawing the needle, a dry sterilized cotton ball should be pressed the puncture holes as quickly as possible to prevent bleeding. The therapy will be given once a day for 5 days a week lasting for 4 weeks continuously.
Follow-up
There is a period of 12-week follow-up after the 4-week treatment. During this time trained personnel will call the participants and take a record every week, asking them something about their rehabilitation situation and whether they have received other treatments. Home visits will be at least once a month to assess their functional status including speech function, activities of daily living, and quality of life, using CRRCAE, BDAE-C,MBI, and SF-36 after 6 and 12 weeks follow-up.
Outcome measures
Except for baseline (−2 to −1 weeks), all of the primary and secondary outcomes assessment will be also conducted at end of 2-week treatment (3 weeks), end of 4-week treatment (5 weeks), end of 6-week follow-up (11 weeks), and end of follow-up period (17 weeks) with a BOLD-fMRI examination only at end of the 4-week treatment (5 weeks). A summary of all the measures in the trial is shown in Table 1 .
Primary outcomes
The primary outcome measures in this study are the differences in the scores on both the CRRCAE and the aphasia grading standard of severity in BDAE-C after intervention and follow-up between the two groups and within groups.
The CRRCAE [27, 28] was made by Chinese Rehabilitation Research Center with the help of Japanese experts according to Chinese language and cultural habits by referring to the Japanese Standard language Test of Aphasia (SLTA). It consists of two parts. One part includes twelve questions about demography date and is used to test the patients' general condition of speech. The other part contains nine subtests (auditory comprehension, repetition, speaking, reading aloud, reading comprehension, copying, description, dictation, and calculation). There are 30 quizzes in total, with three or four quizzes in each subtest. This scale has been used widely in hospitals and rehabilitation centers in China with a good reliability and validity. The interclass correlation coefficients (ICC) of test-retest reliability exceeded 0.9, the Cronbach's α of internal consistency was 0.941, and the relationship with the Western Aphasia Battery (WAB) was 0.948 (on aphasia quotients). Furthermore, we can diagnose whether a person has aphasia and, if so, the degree of severity from the result of CRRCAE which can guide the strategies of therapy and can also measure the outcomes of treatment.
BDAE [29] is a widely used aphasia examination in the world. As the BDAE original edition is not suitable for Chinese conditions, it was revised to BDAE-C [30, 31] based on the Chinese culture and language background, and is now established as the standard for Chinese patients. There are six grades in the aphasia grading standard of severity in BDAE-C from the worst to the best in the order of 0 to 5.
Secondary outcomes
The differences on the MBI, SF-36, and the results of BOLD-fMRI examination after intervention are considered as the secondary outcome measures.
The MBI [32] is a widely used tool, measuring the extent to which somebody can function independently and have mobility in their activities of daily living (ADL), and also indicating the need for assistance in care. It contains 10 items and is scored on a scale from 0 to 100 with a higher score indicating more independence [33] .
The SF-36 [34] is a short-form health survey with 36 questions. It yields an 8-scale profile of functional health and wellbeing scores, as well as psychometrically-based physical and mental health summary measures and a preference-based health utility index. It is a generic measure, regardless of age, disease, or treatment group. The SF-36 has proven useful in differentiating the health benefits produced by a wide range of different treatments.
The BOLD-fMRI is the primary form of functional magnetic resonance imaging, and it is a type of specialized brain scan used to map neural activity in the brain of humans or other animals by imaging the change in blood flow (hemodynamic response) related to energy use by brain cells [35] . The procedure is similar to MRI but uses the change in magnetization between oxygenrich and oxygen-poor blood as its basic measure. The resulting brain activation can be presented graphically by color-coding the strength of activation across the brain or the specific region studied. The technique can also localize activity to within millimeters.
Safety assessments
All of the adverse events (AEs) that happen during the treatment and follow-up period will be recorded in detail by researchers and therapists at each CHC. Serious adverse events will be reported to the Human Research Ethics Committee (HREC) of FJTCM immediately, who will make a judgment on whether the participant can continue in the trial depending on the patient's condition. Any adverse event will be analyzed regardless of the causality related to intervention and will receive corresponding treatment measures.
Economic evaluation
The indicator of economic evaluation will employ a costeffectiveness ratio, meaning the required cost of every point increased on the CRRCAE. The cost of interventions consists of direct costs and indirect costs. Direct costs will include any expense involving treatments throughout the rehabilitation period. The number of workdays lost by participants and care-givers owing to illness will be counted in indirect costs. Finally, there will be a comparison on the differences of cost-effectiveness ratio between CHCs and high-grade hospitals.
Statistical methods
Statistical analysis in this study will be performed by a statistician who is not involved in this trial and works in the Center of Evidence-based Medicine in FJTCM. Analysis of all data will be conducted with SAS software (version 8.2, SAS Institute, Cary, North Carolina, United States), and two-sided P < 0.05 was considered statistically significant. Descriptive statistics will be expressed in different forms according to the types of the data in each group. That is to say, continuous variables will use mean and standard deviation for normal distribution, with median and interquartile range for non-normal distribution, and categorical variables will use proportions with their standard error. Comparison of baseline characteristics, the primary or secondary outcomes between groups will use the t-test or Mann-Whitney test for continuous variables and Pearson chi-squared or Fisher's exact test for categorical variables. Changes in effect sizes of primary or secondary outcomes from baseline to each time point for two groups will be expressed using the paired t-test or Wilcoxon signed-rank test.
The primary outcomes will be analyzed using full analysis set (FAS) and per protocol set (PPS), with the secondary outcomes using FAS. Analysis of the primary and secondary outcomes should be on the basis of the intention-to-treat (ITT) population. The safety set (SS) will be used to assess adverse events.
Discussion
Nearly 20 to 25% of all stroke patients suffer from aphasia [36] , and approximately half of the initially affected patients still suffer from aphasia one year after stroke [10, 12] . Acupuncture, which proved to have a positive therapeutic effect on aphasia in acute stage stroke patients [37] , is considered as a good choice for chronic stroke patients with aphasia searching for complementary and alternative medicine as longterm treatment at a low cost.
We adopt a randomized, parallel-controlled, singleblind design in this trial to guarantee the quality level of the study. In consideration of the characteristics of stroke-induced aphasia, we will investigate the value-inapply of combined SLT to scalp acupuncture treatment from the view of safety and efficacy, by the way of comparing the cost-effectiveness ratio of aphasia rehabilitation between CHCs and high-grade hospitals. We will also judge the longterm stability of improvements by a 12-week follow-up after intervention and dynamically observe the changes of curative effects by setting five assessment points (baseline, 2 and 4 weeks after intervention,6 and 12 weeks after follow-up).
A number of studies have come to an agreement that aphasia treatment is effective in enhancing recovery [38] [39] [40] [41] . However, there is a controversy about the role of the course of disease on outcomes. Some trials hold the view that further improvement of language abilities is very limited beyond 6 months after the onset of stroke [42] and therapy provided immediately after stroke results in more beneficial effects than deferred treatment [43] .Others think that language abilities can be significantly improved in the chronic stage after a stroke when training is sufficiently intensive [44] [45] [46] [47] . In the present trial, if possible, we intend to make a stratified analysis according to the course of the disease to discover the best time to start treatment. In addition, cortical plasticity is recognized as the main mechanism of functional recovery basing on neuroimaging findings [48] [49] [50] . In this study, we will use fMRI to observe the changes of activation of brain hemisphere structures attributed to the treatment.
A limitation of this study is that this protocol is not double-blind and has no placebo control. However, the intervention group will be blinded to the evidence-based medicine center to decrease possible bias. The study also cannot eliminate the confounding effects from the spontaneous recovery in the early stage of stroke.
If successful, this project will offer a low-cost appropriate technology for the CHCs and could be implemented on a large scale, both in China and worldwide. Scalp acupuncture therapy, which can be performed in a CHC instead of in a high-grade hospital, will relieve the stress of hospitalization and reduce the financial burden for the patient and healthcare system.
Trial status
This trial started in November 2013 and the last patient will be included on August 1, 2015. 
